Of 103 eligible subjects, 54 responded with seizures recurring in 21 (38.9%). Initial seizure frequency was yearly at 57.9%. The RAS group had more risk factors (P=0.013) and greater frequency of abnormal initial development (P <0.005), abnormal neurological examination in this population (P=0.033) and abnormal current development (P=0.028). Quality of life differed in behavioural changes (P=0.022) and parental relationship with spouses (P=0.004). EEG and neuroimaging were not predictive. Number of initial seizure episodes showed a significant difference between 1AS and RAS groups (P=0.037).
INTRODUCTION
First afebrile seizures are common in children, with incidence rates ranging from 24/100,000 (Singapore) 1 , 163.6/100,000 (Japan) 2 and 430/100,000 (United Kingdom) 3 . Differences in methodology include study age limits, definitions of seizures and epilepsy, whether the study is population-or hospital-based, evaluation methods and the method of calculating incidence rates 4 . After the first afebrile seizure, recurrence ranges from 42% 5 to 66.4% 6 , with the percentage rising fastest in the first few years following the first afebrile seizure. Those who have a second afebrile seizure appear more likely to have further seizures thereafter, with third and fourth seizures occurring in three-quarters of this group 7 .
We previously performed a study to determine the incidence of childhood epilepsy and first afebrile seizure at our institution and associated risk factors at presentation 1 . In this study, we performed a follow-up survey to estimate the recurrence risk of afebrile seizures as well as to determine risk factors which may help predict their recurrence. This aids in counselling children and parents as well as in determining appropriate follow-up. The aims of this study were to a.) determine the recurrence risk of afebrile seizures in children of our population, b.) identify characteristics at presentation and followup on risk factors for recurrence of afebrile seizures and c.) understand the quality of life of children and families with afebrile seizures.
MeTHOD
We performed a nested case-control study on an existing cohort of children presenting with first AbSTRACT Introduction: First afebrile seizures are common in Singapore (incidence 24 per 100,000 person-years). We determined the seizure recurrence risk after first afebrile seizure, the risk factors at presentation and evaluated the quality of life of these children.
Methods:
Nested case-control study of children presenting with their first afebrile seizure from 2002 to 2004. Risk factors were measured at initial presentation. This follow-up study administered standardised telephone questionnaires to patients/caregivers seven years later. Subjects with only one afebrile seizure (1AS) were compared to those with recurrent afebrile seizures (RAS) for birth history, risk factors, developmental delay, school status, initial electroencephalogram (EEG), neuroimaging and initial seizure episode using Fisher's exact test. Quality of life was screened with a questionnaire. afebrile seizures and new onset epilepsy between November 2002 and May 2004. A nested casecontrol study compares cases who have had the event/exposure of interest against controls who have not had the event/exposure, similar to other case-control study designs. Nested case-control study design utilises an existing cohort to reduce the costs and manpower of setting up a case-control study. In this study, selection of control subjects from the same cohort also helped ensure that controls came from the same population as the cases, which is necessary for internal validity of the study. Our topic of interest, seizure recurrence, is also a clinically objective event less susceptible to recall bias and therefore suitable for this study design. The patients in the original cohort were recruited prospectively over the study period and evaluated at presentation. Their details were included in a database of children with epilepsy and first afebrile seizures. In 2011, we retrospectively studied patients from this cohort who had presented with first afebrile seizures. In this study, patients received written requests for permission for inclusion in the study. Those who agreed were contacted and underwent a standardised telephone questionnaire one to two weeks later. The questionnaire comprised of questions on seizure recurrence, anticonvulsant use and healthcare professional follow-up ( Fig. 1 ). Quality of life was assessed using questions based on the Impact of Paediatric Epilepsy Scale (IPES) 8, 9 . The questionnaire was translated into Mandarin Chinese by two native Mandarin Chinese speakers (ML and MK) and independently back-translated for validation. The interview was conducted in English or Mandarin. The introduction and responses for the questionnaire were scripted, with standard replies for a range of respondent answers. The questionnaire was administered by one of the investigators under guidance. Comments or questions departing from the questionnaire were referred to the lead investigator.
The responses for each individual were captured on a data form. Patients were divided into two groups based on whether they had further seizures after initial presentation or not. Subjects with 1AS were compared to those with RAS. Characteristics between the two groups were cross-tabulated using Fisher's exact test and odds ratio calculated for statistically significant factors.
Definitions
Definitions of afebrile seizures are based on the Guidelines for Epidemiologic Studies on Epilepsy published by the International League Against Epilepsy (ILAE) 10 as per the original study. First afebrile seizure is defined as the first seizure without any acute provoking factors such as fever or intercurrent illness. Seizures were classified according to the ILAE seizure classification system (1981) and epilepsy syndrome classification (1989) and in accordance with the guidelines for epidemiologic studies of epilepsy 11 .
The initial study inclusion criteria for recruitment were a) children aged one month to 15 years and b) with first presentation of afebrile seizures. Subjects with previously undiagnosed epilepsy or first afebrile seizure fulfilling the inclusion criteria were recruited to that study. Patients with prior diagnosis of epilepsy, seizures due to trauma, tumours, major endocrine disorders, significant electrolyte abnormalities or hypoglycaemia, acute systemic infection, refractory status epilepticus, intoxication or with febrile or provoked seizures were excluded. All patients were seen by a paediatric neurologist and had to complete standardised database forms to record demographics, birth and development, family history, other risk factors, development and schooling, behaviour and examination findings 1 . EEG, magnetic resonance imaging (MRI) brain studies and computed tomogram (CT) brain studies were performed on clinical grounds. Detailed study methodology is listed in the original study 1 . Ethics board approval was obtained for this study and oral consent obtained from the participants.
ReSULTS
Of the 107 eligible children, 54 were contactable and consented to participate (Fig. 2) . Comparison of population characteristics of participating and non-participating children showed no difference ( Table 1) . 21 children (38.9%) had developed recurrent afebrile seizures at follow-up. They had significantly more abnormal developmental problems (P=0.001) and neurological examinations (P=0.014) at presentation compared to those with only one seizure. At follow-up, they had significantly more additional risk factors (P=0.012), developmental abnormalities (P=0.028) and behavioural changes (P=0.022) compared to those with only one afebrile seizure. Seizure events after the first presentation were dichotomised to 1-4 seizures or >4 seizures. Children with >4 seizures were more likely to develop a variety of seizure types and were more likely to develop refractory epilepsy.
EEG, MRI and CT scan findings at onset and duration of seizures within the first 24 hours were not significant predictors of subsequent epilepsy.
With regard to quality of life, caregivers of children with more seizures reported significantly more behavioural changes (P=0.014), impact on spousal relationship (P=0.047) and family activities (P=0.014).
DISCUSSION
This follow-up study shows that recurrent afebrile seizures occurred in 38.9% of our population seven years after the initial seizure. Shinnar et al. found a recurrence of 26% in the first year following first afebrile seizure, rising to 42% at 48 months 5 . Further follow-up at eight years showed a marginal rise to 44%, with only a slight increase in seizure recurrence after five years. Arthur et al. prospectively studied seizure recurrence in a population of normal children and found a recurrence rate of 66.4% 6 . Our original study studied the interval from first seizure to diagnosis of epilepsy and this ranged from to 0-7.9 years (median 0.4 years), with the majority diagnosed within three months of onset; 35.2% diagnosed after two seizures, 42.6% after three to nine seizures and 4.6% after 10-19 seizures. Nineteen patients (17.6%) had more than 20 seizures before the diagnosis of epilepsy and epilepsy syndromes in this group included childhood absence epilepsy, complex partial seizures and infantile spasms 1 . The number of seizure episodes alone is a risk factor for 19% of children who developed epilepsy and those who have >4 seizures in the initial presentation may be at higher risk of subsequent epilepsy.
In this study, abnormal development and neurological examination were significantly higher in children who had further seizures compared to those who had only one. In our initial study, comparison using c 2 analysis also showed significant differences between the newlydiagnosed epilepsy and first afebrile seizure groups in development (normal in 87% and 93%, P=0.046) and neurological examination (normal in 92% and 98%, P=0.016), which remained significant on multivariate analysis. Other factors which were more common in the newly-diagnosed epilepsy group at presentation were developmental delay, mental retardation, perinatal asphyxia, hypoxicischemic encephalopathy, continuous positive airway pressure requirement and previous history of febrile seizures, but the difference was not statistically significant. In the first afebrile seizure group, there were a larger number of cases with family history of epilepsy. Therefore, even within the group which only had first afebrile seizure at presentation, those with abnormal development or neurological examination may be more likely to develop further afebrile seizures and epilepsy at follow-up.
Initial investigations with EEG, MRI and CT brain scans were not significantly predictive of seizure recurrence in our population. Arthur et al. have shown abnormal EEGs have low predictive value for subsequent development of epilepsy 6 . However, MRI scans in the same study showed that significant abnormalities were associated with increased seizure risk at nine months, though not at later follow-up. It is possible that children with clinically meaningful MRI abnormalities would be at risk for further seizures occurring earlier. The low availability of MRIs at the time of our study could have led to a lower rate of detection of abnormalities. It is likely that with current imaging availability and interpretation, more abnormalities would be identified.
The IPES-based questionnaire revealed significant differences between children with a single afebrile seizure and those with recurrent seizures. This is in agreement with other studies of quality of life in children with epilepsy. This represents an unmeasured comorbidity in our local population and highlights the need for additional support separate from medical management for seizures. Caregiver feedback supports the provision of a parent support group to manage expectations of the child's behavioural and academic performance and coping with spousal disputes arising within the family unit.
This study is limited in the conclusions that can be drawn due to the cross-sectional nature. Though the participation rate was low (51%), the study population characteristics were similar to those who declined or were not contactable; the sample observed is therefore likely to be representative of the study population. A prospective, larger scale study would permit more definitive conclusions. It is reassuring that the results of this study are consistent with larger prospective studies conducted elsewhere [5] [6] [7] . Though the questionnaire was translated into Mandarin Chinese, significant variability is seen in the level of proficiency of respondents. In particular, translation of domain-specific terms ('epilepsy' or 'seizure') was challenging. The degree of additional explanation required is variable and may have impacted on the reproducibility of the results. Additional effort to develop an effective culture-specific tool with linguistic validation is required.
This study defines the recurrence risk for Singapore children with first afebrile seizure at 39%. Abnormal development and neurological examination are risk factors that increase the odds of seizure recurrence and epilepsy.
